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▼Freezing is a method widely used to preserve live biolog-
ical specimens. However, many species are prone to injury
or death during the freezing process, even in the presence
of cryoprotectants. Thus, to maintain cultures of freezing-
sensitive species, they must be periodically subcultured.
This process can be laborious and, more importantly, the
culture is at risk of accumulating spontaneous mutations.
Therefore, new methods to improve the resistance of bi-
ological specimens to freezing injury to allow storage of
frozen samples are constantly being sought. The recent dis-
covery of a correlation between the presence of heat-shock
proteins and the chilling tolerance of mung bean (Ref. 1)
and tomato fruit (Ref. 2) prompted us to investigate the
feasibility of using heat shock as a means of improving
the recovery of live organisms that have been frozen. We
used the single cell alga Chlorella vulgaris and the nema-
tode Caenorhabditis elegans as plant and animal models, re-
spectively. We report here that heat-shock treatment does
not damage these freezing-sensitive species, and that such
treatment before freezing improves their recovery upon
thawing.
Chlorella vulgaris cells (North Carolina Biological Supply
Co.) were grown in liquid YA medium (Ref. 3) at room tem-
perature with vigorous shaking under natural illumination.
The algal culture was grown to a density of 3 × 106 cells
per ml and then heat-shocked in a 37◦C water bath for
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2 h. The shocked cells were harvested by centrifugation at
4000 g for 5 min at room temperature and resuspended in
1/20 the original volume of YA. Aliquots of 0.1 ml of har-
vested culture were dispensed to 1.8 ml Nalgene cryovials,
and to each vial 0.1 ml of YA medium supplemented with
14% DMSO was added and mixed well. The vials were kept
in a −80◦C freezer. The control culture received no heat-
shock treatment but otherwise the cells were handled in
the same way. To determine the recovery, individual vials
were thawed in a 37◦C water bath at different time points.
Thawed cells were transferred to 10 ml of YA medium, and
allowed to grow for 12 h in the dark before being plated
onto YA-agar plates. Algal colonies grown up on the agar
plates from different dilutions of the control or heat-shock
pretreated cultures were scored and compared for their re-
covery efficiency.
Caenorhabditis elegansworms of Bristol N2 strain carrying
him-5(e1490) were cultured at 20◦C and fed with Escherichia
coliOP50 as described by Wood et al. (Ref. 4)In control ex-
periments, two plates of worm culture with mostly L1 lar-
vae were harvested by washing with 2-3 ml M9 buffer, and
finally resuspended in 0.5 ml M9 buffer at 4◦C. An equal
volume of freezing buffer (Ref. 4) was added and mixed im-
mediately by pipetting up and down. Aliquots of 0.1 ml
were transferred to cryovials. The vials were kept in a paper
box wrapped in a styrofoam box and the whole package was
stored at −80◦C to allow the samples to cool down slowly
at about 1◦C per min. Experimental treatment involved
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Table 1. Recovery efficiency of frozen Chlorella vulgaris, Caenorhabditis elegans
Recovery (%)a
Species Duration of storage Control Heat-shocked Improvement (%)
Chlorella vulgaris 24 h 10.4±0.8 20.3±1.1 95.1
1 month 11.0±1.2 20.1±0.5 82.7
3 months 9.5±0.7 22.1±0.9 132.6
6 months 10.2±1.4 19.8±0.8 94.1
Caenorhabditis elegans 1 month 23.1±4.4 47.4±4.8 105.1
2 months 24.0±2.5 50.1±3.9 109.0
4 months 22.2±3.7 46.04.6 106.9
6 months 22.3±3.3 51.8±7.6 132.7
aRecovery is expressed as the percentage of organisms that survived freezing and thawing. Values are means +SD
of three independent experiments for Chorella vulgaris and of four to six independent experiments for
Caenorhabditis elegans.
similar handling of the worms except that the plates of
L1 worms were incubated for 2.5 h at 30◦C before washing
and addition of freezing buffer. Individual frozen vials were
thawed at different time points, mixed with two volumes
of M9 buffer and transferred to culture plates seeded with
bacteria. The plates were scored for viable L1 worms within
20 min of thawing. The percentage of worms on each plate
that were viable was used as an indicator of recovery effi-
ciency.
It was found that heat-shock pretreatment improves the
recovery of the frozen Chlorella vulgaris and Caenorhabdi-
tis elegans (Table 1). The extent of improvement for both
species was about 100%. Heat shock may have initiated a
very fundamental protective mechanism that both plant
and animal cells share. The effect exerted by this protective
mechanism was independent of storage time. Frozen sam-
ples were stored for up to 6 months, and the improvement
of recovery was very consistent and well sustained in both
systems.
Since heat-shock pretreatment does not involve any
chemical nor any complicated manipulation, but only the
exposure of the culture to a temperature higher than that
for optimal growth, this handy method should be compat-
ible with all kinds of cryoprotectants.
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